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Background & Objectives. The aim of this study was to apply three simple risk - scoring systems to prospectively col-
lected data on all elective open Abdominal Aortic Aneurysm (AAA) operations in the Cambridge Academic Vascular Unit
over a 6 - year period (January 1998 to January 2004), to compare their predictive values and to evaluate their validity with
respect to prediction of mortality and post-operative complications.
Methods. 204 patients underwent elective open infra-renal AAA repair. Data were prospectively collected and risk as-
sessment scores were calculated for mortality and morbidity according to the Glasgow Aneurysm Score (GAS), VBHOM
(Vascular Biochemistry and Haematology Outcome Models) and Estimation of Physiologic Ability and Surgical Stress
(E-PASS).
Results. The mortality rate was 6.3% (13/204) and 59% (121/204) experienced a post-operative complication (30-day
outcome). For GAS, VBHOM and E-PASS the receiver operating characteristics (ROC) curve analysis for prediction
of in-hospital mortality showed area under the curve (AUC) of 0.84 (95% confidence interval [CI], 0.76 to 0.92;
p< 0.0001), 0.82 (95% CI, 0.68 to 0.95; p¼ 0.0001) and 0.92 (95% CI, 0.87 to 0.97; p< 0.0001) respectively. There
were also significant correlations between post-operative complications and length of hospital stay and each of the three
scores, but the correlation was substantially higher in the case of E-PASS.
Conclusions. All three scoring systems accurately predicted the risk of mortality and morbidity in patients undergoing
elective open AAA repair. Among these, E-PASS seemed to be the most accurate predictor in this patient population.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Despite advances in peri-operative care, elective open
Abdominal Aortic Aneurysm (AAA) surgery mor-
tality remains around 6e8% with associated high
morbidity rates.1e3 Subjecting patients with a high op-
erative risk to a futile AAA repair has resource and
ethical implications. Therefore, prediction of immedi-
ate post-operative outcome assumes obvious rele-
vance because it may aid in pre-operative risk
stratification and planning.
Risk assessment scoring systems built from statis-
tical models have been used to accurately predict
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Physiological and Operative Severity Score for the
enUmeration of Mortality and Morbidity (POSSUM)7
is currently the most tested system for assessing out-
comes by risk-adjusted analysis in the United King-
dom. Unfortunately POSSUM generally suffers from
incomplete data collection and has been far too com-
plex for practical use at the bedside. Furthermore,
variability in the timing of data collection, inclusion
of several subjective-based parameters, allocation of
low (normal) scores for missing data and the inclu-
sion of data that correct for poor surgical technique
makes scoring systems based on the POSSUM less
than ideal.8
Three simpler methods of stratifying pre-operative
risk of death in patients undergoing open elective
AAA repair have been proposed: the Glasgow Aneu-
rysm Score (GAS),9 VBHOM (Vascular Biochemistrylar Surgery. Published by Elsevier Ltd. All rights reserved.
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of Physiologic Ability and Surgical Stress (E-PASS),11
which all use less number of variables and therefore
have obvious advantages over POSSUM in amount of
data entry needed and the complexity of the analysis.
The aim of this study was to apply the three differ-
ent scoring systems to all prospectively collected data
on all elective open AAA operations in the Cam-
bridge Academic Vascular Unit over a 6 - year period
to compare their predictive values and to evaluate
their validity with respect to prediction of mortality
and post-operative complications.
Patients and Methods
All patients undergoing elective open infra-renal
AAA surgery at the Cambridge Academic Vascular
Unit between January 1998 and January 2004 were in-
cluded in the study. Physiological and operative vari-
ables were collected prospectively, supplemented by
case note review for observed in-hospital morbidity
and 30-day mortality. This included deaths after trans-
fer from the surgical unit to another unit within the
same or another hospital. Hospital stay was also
documented. Patients who presented and were
turned down for elective AAA repair were not in-
cluded in the study, as the Comprehensive Risk Score
(CRS) component of E-PASS requires operative vari-
ables (see below). The study excluded patients with
an urgent or ruptured AAA because they may already
have a degree of systemic inflammation, which would
have confounded the E-PASS scores. Aneurysms re-
quiring supra-renal fixation and those who met the
criteria of systemic inflammatory response syndrome
(SIRS)12 prior to surgery were also excluded.
Post-operative complications were only included
when medical or interventional treatment had been
carried out. Complications documented were wound
infection and wound breakdown; intra-abdominal
bleeding; intra-abdominal collection or abscess; any
other infective complication associated with pyrexia,
leucocytosis and positive cultures e.g. line infection;
septic shock;12 gastrointestinal bleeding; bowel ob-
struction and perforation; chest infection; urinary
tract infection; pulmonary oedema; myocardial infarc-
tion; pulmonary embolus; new-onset arrhythmias;
cerebrovascular accident; cardiopulmonary arrest,
pleural effusion; and renal impairment. These compli-
cations have been previously defined.13
The morbidity score (MS) was previously defined:14
grade 0, no complications; grade 1, mild complications
that were not life-threatening; grade 2, moderate
complications that were potentially life-threateningEur J Vasc Endovasc Surg Vol 34, November 2007unless adequate treatment was initiated; grade 3,
severe organ dysfunction that usually required me-
chanical support and grade 4, in hospital death as a
direct result of complications. The cut-points used
for CRS has been previously described,14 for GAS by
quintiles, and for VBHOM.15
GAS was calculated for each patient accord-
ing to the following formula: risk score¼ (age (in
years))þ (17 for shock)þ (7 for myocardial dis-
ease)þ (10 for cerebrovascular disease)þ (14 for renal
disease).9
VBHOM uses only seven items, which can all be ob-
tained pre-operatively. They are: age at admission, sex
of patient, haemoglobin, white cell count, urea, sodium
and potassium levels. The pathology data items used
were those from the first routinely collected haematol-
ogy and biochemistry blood tests from admission.
The following equation, which has been previously
published,10 was applied: VBHOM¼ 1/(1þ exp(
(15.4194þ 4.4598þ (0.3290 for male sex)þ (0.1145
(0.1145 age)þ (0.1110 urea)þ (0.0047 sodium)þ
(0.2846 potassium)þ (0.0383 haemoglobin)þ (0.0048
white cell count)))).
The E-PASS scoring system has been previously de-
scribed14 (Table 1) and Pre-operative Risk Score (PRS),
Surgical Stress Score (SSS) and CRS scores were calcu-
lated from these equations. It is based on the results of
multiple regression analysis with 6 pre-operative and
3 surgical factors identified as risk factors in gastroin-
testinal surgery. The PRS is calculated using the fol-
lowing factors: age, presence or absence of severe
heart disease, severe lung disease and diabetes melli-
tus, American Society of Anaesthesiologists (ASA)
physiological status classification16 and performance
status index (PSI) defined by the Eastern Cooperative
Oncology Group.17
Statistical analysis
SPSS version 13.0 (SPSS Inc., Chicago, IL, USA) and
R version 2.2.1 (R Development Core Team (2005). R:
A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna,
Austria. ISBN 3-900051-07-0, URL http://www.R-
project.org) were used for statistical analysis of the
data.
For each of the records, estimates of hospital mor-
tality and morbidity were calculated using the predic-
tive equations. In order to assess the incidence of
mortality and morbidity for different categories of
CRS, the categorisation suggested by Haga was
used.18 The categories were <0.3, 0.3e<0.5, 0.5e<1.0
and >¼1.0. The two lowest categories suggested by
Haga et al. (<0.1 and 0.1e<0.3) were grouped
507Risk-scoring Methods in Predicting Elective AAA Surgery Outcometogether because only one patient fell into the <0.1
CRS category in this dataset.
The VBHOM equations were applied to the Cam-
bridge data and tested for goodness of fit using
Hosmer-Lemeshow methodology.19,20 This involves
the use of the chi-squared test to compare frequency
tables obtained from prospective application of the
equations. It should be noted that this is a null hy-
pothesis test. P values less than 0.05 are indicative of
a lack of fit. As this is a goodness-of-fit test, it is rea-
sonable to conclude that a model is wrong i.e. did
not predict outcome, if the null hypothesis is rejected
but it is not possible to state that a different model is
correct, only that it performed adequately. The statis-
tical analysis of the overall goodness-of-fit of the
model was undertaken using techniques designed to
test both calibration and discrimination. Calibration
is defined as the accuracy of numerical risk predic-
tions, while discrimination is the ability of the model
to appropriately rank patients in terms of risk - that is,
the model’s ability to ascribe high risks to high-risk
patients and vice-versa. Empirical and binormal
Table 1. Equations for E-PASS Score
Preoperative Risk Score (PRS) is calculated with:
0:0686þ 0:00345X1 þ 0:323X2 þ 0:205X3 þ 0:153X4 þ 0:148X5
þ 0:0666X6
Where X1 is age; X2, the presence (1) or absence (0) of severe heart
diseasea; X3, the presence (1) or absence (0) of severe pulmonary
diseaseb; X4, the presence (1) or absence (0) of diabetes mellitus
c;
X5, the performance status index (range, 0e4); and X6, the ASA
physiologic status classification (range 1e5).
The surgical stress score (SSS) is calculated with:
0:342þ 0:0139X1 þ 0:0392X2 þ 0:352X3
Where X1 is blood loss divided by body weight (ml/kg); X2 is the
operation time (hours); and X3, the extent of the skin incision
(0¼ a minor incision for laparoscopic or thoracoscopic surgery
including laparoscopic or thoracoscopic-assisted surgery; 1,
laparotomy or thoracotomy alone; and 2, laparotomy and
thoracotomy).
Comprehensive risk score (CRS) is calculated with:
0:328þ 0:936ðPRSÞ þ 0:976ðSSSÞ
(From Haga et al., 1999).14
a Severe heart disease is defined as heart failure (New York Heart
Association Class III or IV) or severe arrhythmia requiring mechan-
ical support.
b Severe pulmonary disease is defined as any condition with a per-
cent vital capacity of less than 60% and/or a percentage forced ex-
piratory volume in 1 second of less than 50%.
c Diabetes mellitus is defined according to the World Health Orga-
nization criteria as the presence of either fasting venous plasma glu-
cose levels of 7.0 mmol/L (126 mg/dL) or greater, or 2-hour venous
plasma glucose levels of 11.1 mmol/L (200 mg/dL) or greater after
a 75 g oral glucose tolerance test.receiver operating characteristic ROC curves were
plotted to assess the discriminative ability of each of
the three models (CRS, GAS and VBHOM) with re-
spect to mortality and morbidity, and the area under
the ROC curve (AUC), sometimes known as the c-
statistic, was used as a measure of overall diagnostic
accuracy.21 AUC values of 0.5 are given by models
that is no better than chance. It is generally accepted
that reasonable models produce values in the range
of 0.7 to 0.8 and good models give values over 0.8.
Risk ranges were classified into meaningful cate-
gories, to give at least five predicted deaths or compli-
cations in at least 80% of the risk strata (Cochrane’s
rule) and to give, where possible, approximately equal
predicted numbers in each risk range and to include
greater than 5 percentage points.
Continuous variableswere summarisedby themean
and standard deviation. The statistical significance of
differences in variables between groups of patients
was determined using two-sided Mann-Whitney U -
and Jonckheere-Terpstra tests (for continuous and or-
dered categorical variables, respectively). Spearman’s
rhowas used to assess the correlation between hospital
stay andCRS,GASandVBHOMscores andFisher’s ex-
act test to examine the association between renal risk
and mortality and morbidity. A significance level of
0.05 was used for all comparisons.
Results
The unit operated on 219 patients over this six- year
period. 204 (93%) patients were included in the anal-
ysis. The median age was 73 years (range 44e86)
and 180 patients (88%) were male. 13 (6%) patients
were excluded because their notes and details were
missing at the time of analysis and 2 (1%) patients
met the criteria of SIRS prior to surgery and were
therefore also excluded. The decision to exclude
them would not have had a major impact on the re-
sults because (i) there were not many of them (7%),
and (ii) there was no reason to suspect that they
would be systematically different from the included
patients. No excluded patients died peri-operatively.
Patient demographics and admission data (physio-
logical parameters) are summarised in Table 2.
There were 13 (6%) deaths during the immediate
post-operative period. 121 (59%) experienced a post-
operative complication. No intra-operative death
occurred.
Although showing some predictive power, GAS and
VBHOM appear to be weaker predictors of mortality
than the E-PASS score (CRS). This is shown in Fig. 1,
in which the fitted binormal ROC curves for each score
is plotted. At all levels of sensitivity that would beEur J Vasc Endovasc Surg Vol 34, November 2007
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performs both the GAS and the VBHOM scores.
GAS
GAS was statistically significantly higher in patients
who died than patients who did not (mean difference
15.3, 95% confidence interval (CI) 8.4 to 22.2,
p< 0.0001), and significantly higher in patients who
had signs of morbidity than in patients who did not
(mean difference 7.2, 95% CI 3.8 to 10.7, p< 0.0001).
The AUC was 0.84 (95% CI 0.76 to 0.92) for mortality
and 0.66 (95% CI 0.58 to 0.74) for morbidity. There is
no cut-off point that can be chosen in order to predict
a post-operative mortality rate of 100%: even at the
upper end of the GAS scale, the majority of patients
do not die (see Fig. 2).
VBHOM
Similar results were obtained for VBHOM (mean dif-
ference 0.20 for mortality, p¼ 0.0001; mean difference
0.07 for morbidity, p¼ 0.0004) (Table 3). The AUC was
0.82 (95% CI 0.68 to 0.95) for mortality and 0.65 (95%
CI 0.57 to 0.73) for morbidity. However, VBHOM is
a scoring system designed to give risk estimates and
these risk estimates were found to be ill-calibrated
for this population (Table 4). Many fewer deaths
were observed than would be predicted using the
Table 2. Demographic data
Number of patients in analysis 204
Age (years) (median, range) 73 (44e86)
Male: Female 180: 24
Severe Heart disease 20 (10%)
Severe pulmonary disease 21 (10%)
Diabetes mellitus 20 (10%)
Shock 0 (0%)
Myocardial disease 70 (34%)
Cerebrovascular disease 25 (12%)
Renal disease 52 (26%)
aASA (I:II:III:IV) 4: 86: 111: 3
bPSI (I:II:III:IV) 6: 91: 88: 19
Weight (kg) 80 (14)
Blood loss (ml) 864 (430)
Haemoglobin 13.8 (1.5)
White cell count (median, interquartile range) 8.0 (6.8e9.6)
Urea 7.1 (2.4)
Creatinine (median, interquartile range) 101 (85e122)
Sodium 139.8 (3.2)
Potassium 4.5 (0.6)
Operating time (hrs) 2.0 (0.4)
Observed in hospital mortality 13 (6%)
Observed in hospital morbidity 121 (59%)
Mean (standard deviation) or n (%) given unless stated.
a ASA¼American Society of Anaesthesiologists (ASA).
b PSI¼ Physiological Status Classification.Eur J Vasc Endovasc Surg Vol 34, November 2007risk estimates from VBHOM (approximately one
quarter of the total number of deaths predicted were
observed in this dataset).
The predicted mean mortality rate for VBHOMwas
0.21 (SD 0.14), which indicates that we would expect to
Fig. 1. Receiver Operating Characteristic (ROC) curves for
mortality and morbidity for the different scoring methods.
The fitted binormal ROC curve for each score is plotted.
Approximate optimal cut-points for mortality: CRS 0.61
(sensitivity 87%, specificity 79%), GAS 84 (sensitivity 75%,
specificity 70%), VBHOM 0.32 (sensitivity 67%, specificity
80%), Approximate optimal cut-points for morbidity: CRS
0.45 (sensitivity 86%, specificity 90%), GAS 75 (sensitivity
69%, specificity 55%), VBHOM 0.15 (sensitivity 71%, speci-
ficity 52%).
509Risk-scoring Methods in Predicting Elective AAA Surgery Outcomesee approximately 43 deaths in this sample. Only 13
were observed (Table 4). This provides strong evidence
that VBHOM is not well-calibrated, and that mortality
risk is being overestimated, for this population.
VBHOM, however, under-predicts morbidity. The
Hosmer-Lemeshow test based on quartiles (to increase
predicted number of events per category) formalises
the clear lack of fit of VBHOM for this dataset (Table 5).
E-PASS
Prospective application of the E-PASS equations on
this group of patients have been previously reported
on11 but in summary:
Fig. 2. Mortality rate with respect to Glasgow Aneurysm
Score.
Table 3. Mean scores for E-PASS, GAS and VBHOM
Score Group n Mean (standard deviation)
CRS All patients 204 0.52 (0.27)
Mortality Yes 13 0.98 (0.26)
No 191 0.49 (0.24)
Morbidity Yes 121 0.66 (0.25)
No 83 0.30 (0.10)
GAS All patients 204 78.4 (12.8)
Mortality Yes 13 92.7 (10.0)
No 191 77.4 (12.4)
Morbidity Yes 121 81.3 (11.8)
No 83 74.1 (13.0)
VBHOM All patients 204 0.21 (0.14)
Mortality Yes 13 0.40 (0.17)
No 191 0.20 (0.13)
Morbidity Yes 121 0.24 (0.15)
No 83 0.17 (0.14)As the CRS increased, the incidence of post-opera-
tive morbidity and mortality significantly increased
( p< 0.0001) (Table 3, Fig. 3). CRS had extremely
good predictive power for both mortality and morbid-
ity as demonstrated by high areas under the ROC
curve in both cases. The AUC was 0.92 (95% CI 0.87
to 0.97) for mortality and 0.95 (95% CI 0.93 to 0.98)
for morbidity (Fig. 3). E-PASS had the largest area un-
der the curve and its best approximate cut-off value
(0.61) had a better accuracy than the other scoring sys-
tems. Individually, PRS and SSS also demonstrated
a strong relationship with mortality and development
of complications, which have been previously re-
ported.11 (PRS: AUC 0.91 (95% CI 0.85 to 0.96) for
mortality, 0.93 (95% CI 0.90 to 0.97) for morbidity;
SSS: AUC 0.80 (95% CI 0.65 to 0.95) for mortality,
0.80 (95% CI 0.74 to 0.87) for morbidity). In particular,
the AUC values for PRS were similar to those of the
combined score, CRS.
Hospital stay
There was a statistically significant correlation be-
tween length of hospital stay and each of the three
scores, but the correlation was substantially higher
in the case of CRS than it was for either GAS or
VBHOM:
CRS: 0.53 (95% CI 0.42 to 0.62)
GAS: 0.31 (95% CI 0.18 to 0.43)
VBHOM: 0.34 (95% CI 0.20 to 0.46)
Table 4. VBHOM
Risk band Number of
patients
Predicted
deaths
Observed
deaths
Observed
morbidity
0 to 0.05 25 0.68 0 7
0.05 to 0.1 25 1.93 1 13
0.1 to 0.15 24 2.97 0 16
0.15 to 0.25 62 12.08 2 37
0.25 to 0.5 57 19.60 5 38
0.5 to 1 11 6.22 5 10
Table 5. VBHOM
Risk band Number of
patients
Predicted
deaths
Observed
deaths
Observed
morbidity
0 to 0.1011 51 2.71 1 21
0.1011 to 0.1846 51 7.46 0 30
0.1846 to 0.2881 52 12.36 3 35
0.2881 to 1 50 20.96 9 35
X2¼ 30.9 for mortality, p< 0.0001: evidence of lack of fit.
X2¼ 280.6 for morbidity, p< 0.0001: evidence of lack of fit.
(Chi-squared distribution with df¼ 2; critical value for test of size
0.05 is 6.0).Eur J Vasc Endovasc Surg Vol 34, November 2007
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Of the 52 patients with renal disease, 4 died (8%) and
35 (67%) showed signs of morbidity; there was no sig-
nificant difference in either mortality ( p¼ 0.74) or
morbidity ( p¼ 0.19) compared to patients without
renal disease (9/152¼ 6% mortality, 86/152¼ 57%
morbidity).
Morbidity and morbidity score
This relationship can be seen via the ROC curve for
morbidity (Fig. 1) and the tables of morbidity score
by CRS, GAS and VBHOM category (Table 6). For
each of the three scores, there is a strongly statistically
significant trend of increasing score with increasing
morbidity score ( p< 0.0001 in each case). However
the ROC curves indicate that CRS would be the best
of the three for making individual predictions of
morbidity.
Discussion
This study involved patients undergoing elective
open infra-renal AAA surgery at one tertiary referral
vascular centre in the United Kingdom. The overall
mortality rate after operation of 6% is similar to those
of other reported series.22,23 All three scoring systems,
using a variety of different mathematical regression
equations, significantly predicted outcome. This
Fig. 3. Incidence of mortality and morbidity according to
CRS. The graph appears to demonstrate that patients in
the >¼ 1.0 category are at particularly high risk of mortality,
and in the 0.5e<1.0 and >¼ 1.0 categories at particularly
high risk of morbidity. Bars show 95% confidence intervals.Eur J Vasc Endovasc Surg Vol 34, November 2007externally validates previous studies of using the
GAS in successfully predicting outcome after elective
open AAA repair23,24 but has the added advantage
that data were all collected prospectively. This is also
the first study to properly validate the use of VBHOM
in predicting individual patient risk after this type of
surgery. A recent article by Hadjianastassiou et al.25
also compared the accuracy of several contemporary
mortality prediction models including VBHOM after
open abdominal aortic aneurysm (AAA) surgery.
However, post-operative data seem to have been
used to feed the POSSUM and VBHOMmodels, which
all require pre-operative data. It is therefore not sur-
prising that their APACHE-AAA model performed
the best.
A proper comparison of models would have re-
quired appropriate use of pre- and post-operative
data in the respective equations. Interestingly, reason-
able discrimination values were still achieved suggest-
ing that thesemodels or at the very least the parameters
they use are determinants of adverse outcome.
The E-PASS scoring system, which was originally
generated based on the quantification of pre-operative
risk and surgical stress applied in elective gastrointes-
tinal surgery14 was previously shown to be a useful
decision making tool in patients undergoing elective
open AAA surgery.11
The question is which system is more valuable to
the clinician?
This comparison study found that E-PASS out-
performed the other two scores in terms of accurately
predicting both mortality and morbidity. Furthermore
the correlation with length of hospital stay was sub-
stantially higher with E-PASS. It was previously re-
ported that E-PASS was useful in estimating surgical
Table 6. Morbidity score
Morbidity Score
CRS 0 1 2 3 4
<0.3 46 1 1 0 0
0.3e< 0.5 35 3 20 5 0
0.5e<1.0 2 20 39 9 6
>1.0 0 1 7 2 7
GAS 0 1 2 3 4
>¼68 26 4 10 1 0
69 to 75 14 8 14 2 0
76 to 80 20 5 15 3 0
81 to 88 13 5 13 3 6
>¼89 10 3 15 7 7
VBHOM 0 1 2 3 4
0 to 0.05 18 2 4 1 0
0.05 to 0.1 12 3 8 1 1
0.1 to 0.15 8 4 8 4 0
0.15 to 0.25 25 8 24 3 2
0.25 to 0.5 19 7 20 6 5
0.5 to 1 1 1 3 1 5
511Risk-scoring Methods in Predicting Elective AAA Surgery Outcomecosts in gastrointestinal surgery.26 E-PASS had a signif-
icant positive correlation to the duration and costs of
hospital stay. The authors showed an equation for es-
timating surgical costs and compared a real to esti-
mated costs among hospitals, proposing a risk-based
payment system because hospitals that treat more
high-risk patients would not only show higher mor-
tality and morbidity rates but also surgical costs of
hospital stay. This may be a useful costing exercise
to do in AAA surgery in view of the fact that there
was a strong positive correlation with hospital stay
demonstrated. Although E-PASS uses far fewer vari-
ables and therefore has obvious advantages over POS-
SUM in amount of data entry needed and the
complexity of the analysis, one of the disadvantages
of E-PASS compared to GAS and VBHOM is that op-
erative data is still required. However, we have found
that the CRS can be quickly calculated immediately
after the operation and the different parameters to cal-
culate the pre-operative component of the score (PRS)
were relatively easy to collect as demonstrated by the
low number of cases excluded.11 The authors also
found a strong correlation between PRS and outcome
( p< 0.0001 for mortality and morbidity), which may
allow the vascular surgeon to predict risk in an indi-
vidual patient before surgery. Furthermore this risk
can be discussed confidently with both patient and
relatives whilst gaining informed consent. If the risk
predicted by PRS is too high for a patient a less inva-
sive procedure such as endovascular stenting or con-
servative management may be considered.
This study, as discussed, validates previous work
based on the VBHOM concept that the risk of in-hos-
pital mortality can be modelled in patients undergo-
ing index arterial operations such as AAA repair
using a small number of commonly used laboratory
and administrative items.15 Although there was a sig-
nificant correlation between VBHOM and outcome
and the score had reasonable discriminative ability,
the risk estimates were poorly calibrated for this sub-
set of patients: VBHOM over-predicted mortality and
under-predicted peri-operative complications. Per-
haps the results are not surprising as this may be
a consequence of the fact that the original VBHOM
predictor equations (as was the case of GAS) were de-
veloped using a dataset that included patients under-
going emergency operations leading necessarily to
a high death rate amongst patients with high risk es-
timates. However, it is important to note that VBHOM
is the only score than attempts to predict mortality
rates for individuals, and so is the only candidate
which can be assessed bymethods for determining cal-
ibration. Furthermore, a recent study focussed on the
development of a new VBHOM model and itsvalidation.27 It was built from data collected prospec-
tively from around the United Kingdom and seems to
provide a single unified model that allows good pre-
diction of surgical mortality after both open elective
and ruptured AAA repair.
This study also showed that GAS had a predictive
value for prognosis after elective open AAA repair.
This successfully validates previous European
studies, which demonstrated that GAS was highly
predictive of post-operative outcome in different
geographical settings23,24,28,29 but with the added
advantage that data were collected prospectively.
However, previous work found that GAS’s accuracy
in predicting post-operative complications was less
but this could be the way the data were interpreted
and its retrospective collection.28
Limitations
Although all data were collected prospectively and are
likely to be accurate, drawbacks of the study include
the relative small sample size used and low mortality
rate. A larger cohort of patients withmore definite end-
points (mortality and morbidity) would have been
more conducive to risk estimation. E-PASS currently
does not give individual predicted percentage mortal-
ity or morbidity rather a range of mortality, whereas
other scoring systems such as VBHOM do.11 E-PASS
also only targets the elective setting. Patients who
have emergency surgery will already have a degree
of inflammation, which will affect the E-PASS score
pre-operatively. Like the POSSUM predictor equations
it suffers from theweakness, which is by definition that
they exclude patientswhowere either not offered or re-
fused surgery. This highlights the importance of good
patient selection.
GAS, though for its simplicity and its potential use
pre-operatively, has limitations for clinical decision -
making. The different groups describe low positive
predictive value and positive likelihood ratio of this
scoring system for post-operative mortality and mor-
bidity, which implies that the system was not helpful
for the individual high - risk patient.24,28 However, it
is important to appreciate that these values have
a strong relationship with disease prevalence, that de-
pends very much on the setting in which the score is
used.
Other limitations of GAS are that it does not ac-
count for the protective effects of coronary artery by-
pass grafting or percutaneous transluminal coronary
angioplasty for cardiac disease, carotid endarterec-
tomy or stenting for cerebrovascular disease and the
use of medications in general.Eur J Vasc Endovasc Surg Vol 34, November 2007
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does not use any data collected at operation. Some
may therefore question its validity but it needs to be
appreciated that all risk models can only predict risk
within the ‘‘dimensions’’ of the data items used
within the model. It is certain that there are numerous
other factors, many of which would only be found at
operation, which influence the risk of adverse out-
come for individual patients.
Conclusions
Although these models performed well prospectively
in this subset of patients, they should not be taken as
definitive predictor equations and should only be
used to aid the individual surgeon who ultimately
must make the decision to operate on each patient
with an AAA. The reader must remember that a par-
ticular group of patients in one geographical setting
are likely to be different to the population that was
used to build the original model. Statistical fit and
model performance are therefore likely to be vari-
able. All three scoring systems require further valida-
tion in vascular surgery at different geographical
locations.
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